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 Why global skin temperature? Why Greenland? Why 
Summit?
• Satellite can measure skin temperature (i.e., AIRS and MODIS) all over 
the Greenland and globe, but only at 1:30AM/PM or daily.
• Summit stations provide quality hourly data but have limited coverage.
• Station data are Invaluable for validation of satellite observations.
• Comparison allows the detection of instrument drifts and the 
examination of calibration consistency.
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Diurnal Differences at Summit
Largest diurnal variation occurs during spring (Apr-May), while 
largest interannual variation occurs in January.
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Comparison between AIRS Tskin and MODIS IST shows good agreement during warm season (MAM, JJA), but MODIS IST is significantly colder during cold season especially in DJF.  
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Why Greenland? 
Greenland Ice Sheet (GrIS) mass loss is significant. During the anomalous melting in July 2012 GrIS 
had surface melting including at Summit Station. 
Why Temperature? 
Surface temperature is a direct forcing parameter of the ice sheet melt. 
Why AIRS?  
Improved AIRS Version-6 Surface Skin Temperature 
AIRS is the Advanced IR Sounder flying on EOS Aqua accompanied by AMSU, an advanced 
microwave sounder. There are 9 AIRS 15 km x 15 km Fields of View (FOV's) within a single AMSU-A 
45 km x 45 km Field of Regard (FOR). AIRS products include land/ocean/ice surface skin 
temperature Tskin, atmospheric temperature profile T(p).  Successful Quality Controlled AIRS 
soundings are generated beyond 90% fractional cloud cover. Level-3 products are gridded separately 
for 1:30 AM orbits and 1:30 PM orbits on a global 1˚x 1˚ spatial grid on a daily, eight day, and monthly 
mean basis. 
AIRS Version-6 has many significant improvements in retrieval methodology over the previously 
operational Version-5 retrieval algorithm. The surface skin temperatures are determined over all 
spatial domains using observations in 36 shortwave window channels in the spectral range 2420 cm-1 
to 2664 cm-1, simultaneously with shortwave surface spectral emissivity and surface spectral bi-
directional reflectance of solar radiation. Longwave surface spectral emissivity is determined in a 
subsequent step using 77 channels in the long wave window region between 758 cm-1 and 1250 
cm-1. 
Version-6 Generation of Tskin and T(ps) 
AIRS radiances are very sensitive to changes in Tskin , which is derived in Version-6 simultaneously 
with shortwave spectral emissivity εsw(ν), and shortwave spectral surface bi-directional reflectance 
ρsw(ν), using AIRS channels between 2396 cm
-1 and 2665 cm-1. On the other hand, AIRS radiances 
are not sensitive to changes in T(p) very near the surface. T(p) retrievals are generated by adding 
relatively coarse structure (≈ 2 km) changes to the initial temperature profile guess T0(p). Fine vertical 
structure in T(p) comes primarily from the fine structure in T0(p). AIRS Version-6 generates for the 
first time reasonable values of T(ps) because the Version-6 Neural-Net first guess T
0(p) contains very 
accurate low level temperature profile fine structure. This was not the case in Version-5, which used 
a regression guess for T0(p). Details are discussed in another poster by Susskind [GC51D-0446].   
Data Sets Used in This Study 
1. Surface Skin and Air Temperature from AIRS Version-6 monthly mean level-3, 
 each gridded separately for 1:30 AM and 1:30 PM  
 
2. Ice Surface Temperature (IST) from MODIS Collection-5 monthly mean level-3, 
 each gridded for daily average 
 
3. GC-Net and NOAA station surface air temperature at Summit Station 
 monthly mean at 1:30PM (averaged from 1-2PM) local time 
 
AIRS cloud clearing  
Assumption : Other conditions are homogeneous within 9 footprints  
   except cloud conditions 
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Compar ison wit h MODI S C5 I ce Surface Temperat ure (I ST) [Hall et  al., 2012;2013] 
Difference between AIRS Tskin and MODIS IST 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Summary 
1.  In Greenland, [All sky – clear (0-10%)] Tskin is positive, clouds warm the surface.  
 Tskin changes with cloud condition within ~4K (July) and ~8K (January). 
2. Cold bias in MODIS in winter, may be a result of clear sky sampling.  Clouds matter, all sky sampling 
is very critical. 
3. The AIRS Version-6 data set is a valuable resource for Greenland climate studies  The same retrieval 
algorithm is used for all surface types under all conditions.   
AIRS level-2 (retrieval by retrieval) and level-3 1° x 1° gridded products can be obtained at the Goddard 
DISC http://disc.sci.gsfc.nasa.gov/AIRS/data-holdings. The AIRS instrument is extremely stable, and 
accurate AIRS products are expected to continue until at least 2022. 
 
 
Correlations of Skin 
Temperature Anomalies with 
those of Cloud Cover 
 Monthly mean anomaly time series reveals large seasonal and 
inter-annual variability, especially in extended winter season.  
The anomalies tend to track each other.   
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AIRS V6 SurfaceTemperature (1:30PM) vs. MODIS Ice Surface Temperature (daily) over Greenland 
Co par ison wit h DI S C5 I ce Surface Te perat ure (I ST) [Hall et  al., 2012;2013] 
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Tall − Tclr : Jan 2012
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Tall − Tclr : July 2012
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Pros Cons 
AIRS Tskin 
2002-
present  
(Aqua) 
1) Land, ocean, and ice surface air and skin 
temperatures are obtained with same 
algorithm. 
2) Retrievals are for almost all-sky conditions 
except for near overcast.  
3) Surface temperature and fractional cloud 
cover are retrieved at the same time, allowing 
for one to show the relativity between the 
temperature and cloud cover.  
4) Diurnal difference (day time and night time) 
can be achieved by two orbits per day.  
 
 
 
1) Low spatial resolution (L2: 
45km ; L3: 1deg by 1deg) but 
with good number of samples 
MODIS IST 
2000-
present  
(Terra and 
Aqua) 
1) High spatial resolution  
     (L2: 1km at nadir; L3: 0.05 deg by 0.05 deg) 
2) Temperature can be retrieved over ice 
surface only 
3) Terra and Aqua can compensate each other 
1) Land, ocean, and ice surface 
temperature use different 
algorithm. 
 2) Retrieval is clear-sky only.  
Clear-sky pixels are defined by 
MODIS cloud mask.  
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AIRS v6 SKIN TEMP vs MODIS IST at Summit
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Anomaly : AIRS vs MODIS : r=0.85
s = 0.95
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s = 1.05
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Diurnal Dif f erences at  Summit
Largest diurnal variation occurs during spri g (Apr-May), while 
largest seasonal variation occurs in January. 
GC-Net (2002-2013) NOAA(2008-2013)  
December 19, 2014, San Francisco   
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Summit Station 
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Seasonal variation of T at Summit
GeoSummit
4
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AIRS Skin Temperature
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GC Net Summit Station 1m Air Temperature
- Surface skin temperature is 
highest in July, but interannual
variability is largest in  January
AIRS Skin Temperature
Difference : AIRS – GC Net
GC Net Surface Temperature
2/22/2016
Monthly variation of Ts
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Motivation
• AIRS surface temperature observations are valuable for cross validation of 
current and up-coming campaigns.
• AIRS observations can be used to investigate regions that do not have
in-situ measurements.
• We use AIRS Level2 observations to reduce the sampling biases
• MERRA (and MERRA2) can provide additional validation and observations
6
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Typically there are 4 matchups per day
within 30km and within 30min.
GC-Net and NOAA station at Summit 
2/22/2016 GeoSummit
Match-up Experiment 
2009 (one year)
1. AIRS surface skin and air temperatures
• All AIRS observations within 30km of a point between both summit stations
• Variables : Surface skin temperature (TSurfStd), surface air
temperature (TSurfAir), surface pressure (PSurfStd). In the future we
will ad other variables such as relative humidity, cloud fraction, OLR,
as well as profile data.
2. GCN and NOAA station temperatures
• There are two stations at Summit : 
Greenland Climate – Network (GCN), and NOAA stations ~2 miles apart.
• Each station provides T at 1m, 2m, 10m, Ps, etc, at each hour.
3. MERRA AIRS like sampled 2m temperature
• MERRA is sampled like AIRS (sun-synchronous), using AIRS V6 quality
criteria (MSAQC).
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- In general, the AIRS correlates well with NOAA station data, but bias is most prominent during 
the cold season.
AIRS comparison with NOAA Station temperatures
- The AIRS variable TSurfAir is based on the 
temperature profile extrapolated to the surface 
pressure.
- TSurfAir matches better with the station 10-
meter temperature than the 2-meter 
temperature.
- Since AIRS does not measure the 2-meter 
temperature we compare the AIRS surface skin 
temperature to the station 2 meter 
temperature. The bias is probably due to a 
persistent temperature inversion at the station.
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In general, the correlation is good, but MERRA is warmer than the station in the cold season 
and colder than the station in the warm season.
MERRA comparison with NOAA Station temperatures
- MERRA is sampled like AIRS quality 
controlled (MSAQC) observations
within 1 deg and 30 min.
- A possible explanation is that the 
MERRA Ts is overly constrained by
the 2-m deep sub-surface 
temperature of 230K (-43C).
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Temperature inversions
-MERRA tends to underestimate the stronger temperature inversions during the cold season.
- The MERRA Surface temperature (TS) matches the AIRS Skin Temperature fairly well for all 
season, so this may be used to calculate an inversion strength.
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Summary 
 
Infrared Radiometers 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. In-situ measurements of surface skin temperature 
to validate cold temperature sensitivities in satellite measurements i.e., AIRS and MODIS
2. Future Work will include the development of systematic comparison tools
which can match up In-situ measurements with satellite and modeled data
to perform more experiments at Summit and in other regions.
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Back ups 
• AIRS V6 surface temperatures and station 
temperatures comparison at Summit Station, GL is 
good in general, cold temperatures are more different.  
The correlation slope is nearly one.
• More errors can be expected in both data sets in cold 
temperatures.
• Temperature and pressure difference is dependent on 
distance from the station. Summit station is nearly at 
the top of GL, altitude decreasing with distance.
• There is no clear scan angle dependent bias in AIRS 
surface temperatures.
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Comparison of AIRS Tskin and TsurfAir vs NOAA station 
temperature at Summit (2009)
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• AIRS Tskin is highly correlated with T2m station data.  Comparison is good 
(CC=0.98), cold temperatures below -40C are more different.  The correlation slope 
is nearly one.
• More errors can be expected in both data sets for cold cases.
NOAA : 2m temperature (deg C) NOAA : 10m temperature (deg C)
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Is there scan angle dependence in Tskin difference?  
No, 
there is no clear scan dependent bias in Ts.
There is no clear scan dependent bias in the Ts Error predictors.
Scan angle (o) Scan angle (o)
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Is there distance dependence in barometric surface pressure 
(Ps), TsurfAir, and TsurfStd difference?  
Yes, 
there is distance dependent bias in Ps and 
surface temperatures. 
But the dependence of TsurfAir difference 
to distance is small (slope = 0.030 (0.012) 
deg C/km).
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Surface Pressure diff vs distance
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TSurfStd - t2m vs distance
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TSurfAir - t2m vs distance
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Is there solar zenith angle dependence TsurfAir difference?  
TSurfAir - t2m vs solzen
TSurfAir - t2m
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TSurfStd - t2m vs solzen
TSurfStd - t2m
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Can we see boundary layer inversion in AIRS surface 
temperatures?  
Yes, 
The station data has a stronger inversion, but AIRS surface 
temperatures can also detect the inversion.  
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